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The same net result would be shown if the alternative structure'' 
(C6Hb)3C+-NI(++N+++)=N were accepted for the azide.) 

3. Peroxides, in whose rearrangement a positive charge on an oxygen 
atom is converted into a stable negative charge : 

/0_ 70- ++ .0= 

(CH3+);:cK I -> (CH3+)+cK -*(CH3+)-c< ^ 

|+\0+ * +\o. +^0-(+CH3) (5). 

(+CH3) (CH3+) 

In conclusion, the effects of an electric current in decomposing the 
salts of organic acids are entirely analogous, fundamentally, to these 
molecular rearrangements.'^ With the current the effect is produced by 
the positive electrode charge, with these compounds, by the positive 
polar charges on the specific atoms, as just shown. 

The original Thomson theory of electron valences is evidently ex- 
tremely useful in the precise formulation of these molecular rearrange- 
ments, involving a large group of organic reactions. Of the newer theo- 
ries of Thomson, Bray and Branch, and Lewis, we find occasion to use 
only so much as is already found in the original theory. This, of course, 
does not exclude the possibility that the newer assumptions may reveal 
their usefulness in other fields of investigation. (Thomson's structure for 
benzene, developed on the basis of the newer theory,'* interpreted rig- 
orously and without further limiting assumptions, seems to make pos- 
sible at least four di-substitution products C6H4XY, while only the 
three well known series have been recognized.) 

(For references see end of following article.) 
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MOLECULAR REARRANGEMENTS OF TRIPHENYLMETHYL HALOGEN AMINES* 

WITH ISABELLE VOSBDRGH f AND AGNES FAY MORGAN 

The study of the mechanism of the molecular rearrangement of acyl 
halogen amines RCO.NH(Hal) is complicated by the fact that the salts 
formed by the bases used as reagents to start the rearrangement may 

t My young collaborator, Miss Vosburgh, who carried out the first part of the experi- 
mental work of this investigation most skilfully and conscientiously, died December 4, 1914, 
as the result of an automobile accident.^ — J. S. 
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have the tautomeric structures, RC(OMe) (:NHal) or RCO.N(Me)Hal. 
This complication does not exist in the case of triphenyhnethyl halogen 
amines (C6HB)3C.NHHaI, whose metal derivatives could only have the 
definite structure (C6H6)3C.N(Me)Hal. A successful molecular rear- 
rangement of these halogen amines by bases would give convincing evi- 
dence as to the nature of the salt formed in initiating the rearrangement 
and would give strong presumptive evidence in favor of the view that 
in the rearrangement of acyl halogen amines, the salts RCO.NMeHal 
are the ones directly concerned in the rearrangement. 

Further: chloroimidoketones (C6Hb)2C :N~+C1 have been found to 
resist rearrangement in spite of the presence of the unstable positive 
chlorine atom (see part I). This result was not unexpected from the 
point of view of the theory of the one of us concerning the mechanism of 
these molecular rearrangements:* the theory postulates that the easiest 
path to a rearrangement is through the intermediate formation of unival- 
ent nitrogen derivatives RCO.N<, R3C.N< (see equation 3), the free 
valences of the univalent nitrogen being considered sufficiently powerful 
to tear the radicle R from the carbon and thus effect the rearrangement 
to a more stable molecule (see equation 3). The significance of the 
intermediate formation of a univalent nitrogen derivative in relation to 
the electron theory is discussed later on in the text. Triphenyhnethyl 
halogen amines, R3C.NH(Hal) and R3C.N(Hal)2, in contrast with the 
chloroimidoketones R2C:NC1, present the opportunity for an unham- 
pered formation of the univalent nitrogen derivative R3C.N< by the 
loss of H(Hal) or (Hal)2 under suitable experimeatal conditions. They 
were therefore expected to be easily subject to rearrangement. 

This investigation was undertaken with the object of deciding the 
questions indicated and thus throwing hght on the whole problem of 
these molecular rearrangements. The experimental results confirmed in 
every respect the theoretical anticipations. Of the facts established 
and their bearing, the following are the most important: 

1. A number of triphenyhnethyl halogen amines — (C6H5)C.NHBr, 
(C1C6H4)2(C6H5)C.NHC1, (BrC6H4) (CIC,^^) (C6Hb)C.NHC1, and 
(C6H6)3C.NCl2 and (ClCeH^ (C6H6)2C.NCl2— were found to undergo un- 
der suitable conditions a molecular rearrangement into phenyhmido 
benzophenones R2C:NR (see equation 3). The rearrangement was es- 
tabUshed in the case of the first compound listed by the identification 
of the phenyhmido benzophenone (C6H6)2C :NC6H5 (yellow crystals, 
m.p. 110°; the melting-point of a mixture of the product with synthetic 
substance (m.p. 111°-112°) was found at 111°) and by the identification 
of the benzophenone (m.p. 47°) and aniUne (bleaching-powder test; the 
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chloroplatinate gave 32.41% platinum, theory 32.74%) produced by 
the hydrolysis of the imido ketone (see equation 4). In the rearrange- 
ment of the chloroamines containing substituted phenyl groups, mixtures 
result: in a fraction of the rearranging molecules the substituted phenyl 
radicle migrates to the nitrogen, in the remainder the phenyl group 
itself leaves the carbon for the nitrogen. Thus, in the rearrangement of 
di-parachlorophenyl-phenyl methylchloroamine (the second compound 
Usted above), the two substances (C6H4C1)2C:NC6H6 and (CIC6H4) 
(C6H6)C:NC6H4CI are formed. This was established by the separation 
and identification of their respective products of hydrolysis (equation 
4), dichlorobenzophenone (C1C6H4)2C0 (m.p. 141°) and aniline (bleach- 
ing-powder test), and chlorobenzophenone (CIC6H4) (C6H6)CO (m.p. 77°) 
and chloroaniHne (m.p. 70°). In each instance the melting-point of a 
mixture of the substance obtained with the corresponding synthetic 
product was taken to complete the identification. The ratios in which 
the various radicles migrate to the nitrogen in the rearrangements was 
determined by quantitative examinations of the anilines formed: for 
the instance just discussed, the ratio of chloroaniline to aniline was 
found to be 68/32, in molar terms — in other words, the two radicles 
share in the migration very closely in the same ratio as they are found 
in the original molecule. 

2. The reagents used to effect the rearrangements are those which 
the univalent nitrogen theory would postulate: bases (sodium and cal- 
cium hydroxides, sodixmi methylate) were used for the rearrangement 
of the monohalogenamines to facilitate the loss of halogen acid; and, 
characteristically, heat alone was sufficient to cause the loss of chlorine 
with explosive violence by the dichloroamines, the rearrangement 
ensuing: 

(CeH5)3C.NCl2 - CI2 -^ (CaH5)3C.N < -^ (C6H5)2C :NC6H5 (6) . 

3. A compound, triphenylmethylchloromethylamine (C6H5)3C.N(CH3) 
C1+, analogous to these rearranging bodies, with the exception that the 
well known stability of the union between nitrogen and the methyl 
radicle would interfere with the formation of a univalent nitrogen de- 
rivative, was found not to be rearranged, either by treatment with bases 
or by heat. A rearrangement would have produced a derivative of 
methylaniline (see below), which by hydrolysis would have given 
methylaniline. All the tests for methylaniline, even the exceedingly 
sensitive chloride of lime color test, showed its absence in the products 
of hydrolysis of the compounds formed under the conditions mentioned. 

This important result shows that the tendency of a positive halogen 
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atom to go over into its stable negative form is not alone sufl&cient, as 
a rule, to cause the characteristic rearrangement of these compounds, 
but that the path to the formation of a univalent nitrogen derivative 
must usually, if not always, be open, this derivative being the substance 
that suffers the actual molecular rearrangement (see equation 3) . This 
must signify that a positive halogen atom can secure two electrons from 
the nitrogen atom to which it is directly linked much more readily than 
from the carbon atom holding the nitrogen (see equation 3). Otherwise 
the rearrangement would proceed by a direct exchange of radicles fol- 
lowing a migration of the electrons from the carbon to the halogen atom. 
Furthermore, the characteristic contrast shown in the behavior of the 
rearranging compounds (R3C.NH(Hal+) — losing halogen acid — and 
R3C.NCI2+ — losing chlorine—), on the one hand, and the non-rearrang- 
ing compounds (R3C.N(CH3)Cl+and R2C :NCl+),on the other hand, leads 
to the important conclusion that the electrons most easily captured 
from the nitrogen atom by the positive halogen, atom are the two valence 
electrons beyond the normal electrons of the nitrogen atom rather than 
any of the electrons of the normal atom. Otherwise, again, we should 
have a rearrangement by a direct exchange of radicles following the 
exchanges of electrons. This conclusion is included in equation 3 of 
the preceding paper. 

The conclusions reached — (1) that a positive halogen atom can secure 
electrons more readily from the atom to which it is directly attached 
(nitrogen, in this case) than from one further removed from it, and (2) 
that the more readily available electrons are the two extra valence elec- 
trons of the nitrogen atom rather than its normal ones, seem not un- 
reasonable. The second conclusion is in agreement with the observa- 
tions of physical chemistry on the oxidation of negative ions like S", 
I~, etc. This result seems to us the most important one estabUshed by 
the investigation, giving us a logical explanation, from the point of view 
of the electron theory of valence, of the real significance of the univalent 
nitrogen in the author's theory of the mechanism of this and similar 
rearrangements. 

THE MOLECULAR EEARRANGEMENT OF /3-TRIPHENYLMETHYL 

/3-METHYL HYDROXYLAMINE 

WITH BERT ALLEN STAGNER 

While a great mass of evidence, gathered by the author as well as 
independent investigators,^ has shown that the molecular rearrange- 
ments of halogen amines, hydroxylamine derivatives and azides seem 
to proceed preferably by the path of an intermediate formation of uni- 
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valent nitrogen derivatives, the theoretical possibility that another 
path might be taken toward the formation of more stable molecules 
has always been kept in mind. As a consequence, in the investigation 
of every new typt of rearrangement, experiments have been included to 
attempt the rearrangement of compounds which could not readily form 
univalent nitrogen derivatives (see an instance above under 3). From 
this point of view, an attempt was made by the one of us and P. 
N. Leech to rearrange /3-triphenylmethyl-/3-methyl hydroxylamine 
(C6H6)3C.N(CH3)OH by the same methods that had proved successful 
with triphenyhnethylhydroxylamine (C6H6)3C.NHOH. Indications of a 
rearrangement and the formation of a methylaniline derivative were 
indeed obtained,'^ but the evidence was quite uncertain, being limited 
to a general color reaction for monoalkylanilines and to some melting- 
point determinations of an acetyl derivative of the aniline. 

We have now succeeded in establishing the fact that /3-triphenyl- 
methyl-;8-methyl hydroxylamine is rearranged in a perfectly normal fash- 
ion by the action of phosphorus pentachloride on the ether solution 
of the hydroxylamine. The compound formed in the rea,ction was shown 
to be (C6H5)2C(OH)N(CH3) (CeHs) [or its chloride (C6H6)2CC1.N(CH3) 
(CeHs)] by the identification of its products of hydrolysis, methylaniline 
and benzophenone : 

(C6H6)2CCl.N(CH3)(C6H6)+HOH-.(C6H5)2CO+C6H6N(CH3)H2Cl. (7) 

The formation of the more important component methylaniline was 
proved (1) by the analysis of its chloroplatinate (found, 31.40% plati- 
num; theory 31.27%); (2) by the comparison of its hydrochloride with 
the hydrochloride of a known preparation of methylaniline (its melting- 
point was 119°-122°, that of the pure hydrochloride the same, and the 
melting-point of a mixture of the two salts the same) ; (3) by the navy 
blue color produced by the action of bleaching powder solution on the 
methylaniline. To these tests may be added the melting-point obser- 
vations made with Leech on the acetyl derivative of the base. The 
benzophenone formed was also isolated and identified by its melting- 
point (47°). 

It was further shown that chlorophenyl-diphenyhnethyl-j3-methyl 
hydroxylamine (C1C6H4)(C6H6)2CN(CH3)0H, like the corresponding 
chlorophenyl-diphenylmethylhydroxylamine (CIC6H4) (C6H6)2C.NHOH, 
shows a migration of the phenyl group in a fraction of the rearranging 
molecules, a migration of the chlorophenyl radicle in the remainder. 
The molar ratio of methylaniline to chloromethylaniline was 75/25. 

It is, therefore, now for the first time an established fact that sub- 
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Stances which could not form simple univalent nitrogen derivatives may 
be rearranged in the same fashion as those which would easily lead to 
such derivatives and the theory of the rearrangements must now count 
with this fact. Whether we actually have a direct exchange of radicles 

(C6H5)2C— NCH3 ^ (C6H.,)C — NCH3 

II II (8). 

CeHs OH . OH CeHg 

as postulated by Beckmann^" for the analogous rearrangement of oximes 
(C6Hb)2C :NOH, or whether in both of these cases the rearrangements 
go by way of salts of univalent nitrogen derivatives, will be considered 
in detail in another place. It must suffice to point out here that which- 
ever path the rearrangement follows, the final result is that the positive 
hydroxyl group of the hydroxylamines and of the oximes undoubtedly 
becomes a negative group in the course of the reaction: it still would 
be the unstable radicle in the original molecule and the satisfaction of 
its tendency to become negative would still be the prevailing influence 
in the rearrangement (see part I). 

THE REARRANGEMENT OF TRIPHENYLMETHYL AZIDES 
AND OF SYM. DI-TRIPHENYLMETHYLHYDRAZINE 

WITH JAMES KUHN SENIOR 

While there may be some question as to the mechanism of the rear- 
rangement of hydroxylamine derivatives (see above), the theory of a 
direct exchange of radicles (equation 8) would be quite inapplicable to 
the rearrangements of azides. Triphenylmethyl halogen amines and 
hydroxylamines having been found, in this laboratory, to undergo nor- 
mal rearrangements, the problem of the rearrangement of triphenyl- 
methylazides (C6H6)3C.N(N2) was undertaken by us. It was intended 
to settle three main .questions. The first two were: (1) Whether a 
rearrangement could be effected at all; (2) Whether heat alone would 
not be sufficient to effect the rearrangement, this being the agent indi- 
cated by the univalent nitrogen theory of the rearrangement: 

(C6H5)3C.N(N2) - N2 ^ (C5H5)3C.N -^ (C6H5)2C :NC6H5. (9) 

Both of these questions were easily answered in the affirmative. 
When the azide is heated to a high temperature, it is decomposed, with 
a loss of nitrogen. The course of the rearrangement was followed by 
the hydrolysis of the product and identification of the substances thus 
formed, namely aniline and benzophenone. These are the compounds 
which phenylimido benzophenone (C6H5)2C:NC6H6 (equation 9) should 
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form (equation 4). The aniline obtained gave the characteristic bleach- 
ing-powder test and formed a chloroplatinate which was analyzed (33.35, 
32.32% platinimi found, theory 32.78%); the benzophenone was identi- 
fied by its melting-point 47.5°, which was unchanged when the product 
was mixed with some known, pure benzophenone. 

(3) The third question raised in this investigation concerned itself 
with the following relations: in the rearrangement of a substitution 
product of triphenylmethyl azide, such as (C1C6H4)(C6H6)2C.N(N2), a 
certain part of the substance would form an aniline derivative (CIC6H4) 
(C6H6)C:NC6H6, another part would yield a derivative of chloroaniline 
(C6H6)2C :NC6H4C1 (see above). The ratio may be easily ascertained 
by hydrolysis of the product and titration of the anilines with bromine. 
Now, the same situation exists in regard to the rearrangement of the 
corresponding hydroxylamine (CIC6H4) (C6H6)2C.NHOH and the chloro- 
amine (CIC6H4) (C6H5)2C.NHC1. If in each instance the path to the 
rearrangement lies through an intermediate univalent nitrogen deriva- 
tive, we should have the identical product (CIC6H4) (C6H5)2C.N in each 
of these cases, the azide losing nitrogen, the hydroxylamine water and 
the chloroamrne halogen acid. The environment of the univalent- 
nitrogen derivative would be different in the three cases on account of 
differences in the physical state, the temperature, etc. But since the 
rearrangement is an intramolecular one, it might be little affected by 
enviromnent, once the compound (CIC6H4) (C6H6)2C.N is formed. A 
comparison of the ratios of anline to chloroaniline formed in the differ- 
ent series could then shed some light on the question of the probabiKty 
of the formation of the hypothetical intermediate univalent nitrogen 
derivative. On account of the difficulty of securing experimental mate- 
rial only a beginning has been made on this phase of the problem of 
these rearrangements. We have already found, however, that in the 
rearrangement of (CIC6H4) (C6H6)2C.N(N2) the ratio of aniline to chloro- 
aniline formed is 70/30 in molar terms. This compares with the ratio'^ 
71/29 found for the rearrangement of (CIC6H4) (C6H6)2C.NHOH. The 
result speaks for itself. 

That hydrazine and hydroxylamine are fundamentally similar com- 
pounds^i is a well-established fact, shown both by their reactions and 
also especially by their forming parallel derivatives, of similar proper- 
ties, with a great many organic substances. One strange difference in 
the chemistry of these derivatives, as thus far developed, seems to have 
been overlooked, and that is that molecular rearrangements of hydra- 
zines, corresponding to the rearrangements of hydroxamic acids, ketox- 
imes, triphenylmethylhydroxylamines, etc., have not been observed, or. 
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apparently, even attempted; for the 'benzidine' and related rearrange- 
ments of hydrazines are of a different type. This seemed the more 
strange since derivatives of the third member" of the group, hydrogen 
peroxide, have been found to undergo the same typical rearrangement'"' 
(see part I, equation 5) as the hydroxylamine derivatives. 

When we undertook to bridge this gap in the chemistry of the hydra- 
zine derivatives, no difficulty was anticipated in securing such rear- 
rangements. Not only the fundamental analogy between the groups of 
compounds indicated this, but, from the point of view of the univalent 
nitrogen theory of the rearrangements, it seemed as if there should be 
no difficulty in removing ammonia from triphenyhnethylhydrazine and 
thus starting a rearrangement: 

(C6H5)3C.NH.NH2 -NH3 ^ (C6H5)3C.N -> (CeH5)2C:NQH6. (10) 
We were very much surprised to find that all our attempts to cause a 
rearrangement of this hydrazine and of a great many others by means 
of acids or zinc chloride (reagents to combine with ammonia) were com- 
plete failures. Although the experiments are being continued in spite 
of the original failures, these were sufficiently numerous and impressive to 
lead us to reconsider in greater detail the theoretical relations involved. 
Now, for rearranging chloroamines (e.g., (C6H6)3C.HN- +C1), hydroxy- 

lamines (e.g., (C6H5)3C.HN- +0H) or peroxides (e.g., (CH3)2C< I ), 

the distribution of the charges on the atoms in the unstable parts of 
the molecules can be determined with a great degree of reliability."^ 
For a hydrazide, this is not the case, no criteria having as yet been es- 
tablished by means of which we can distinguish, for instance, between 
the electromeric structures: 

(C6H5)3C.HN-.+NH2 and (C6H5)3C.HN+.-NH2 

Obviously, however, the question of the molecular rearrangement of 
triphenylmethyl hydrazine could very well, and probably would, depend 
altogether on its electronic structure. For instance, a decomposition 
(C6H6)3C.HN.NH2 -^ (C6H6)3C.NH2 + (HN) would not lead to a rear- 
rangement and the electronic structure of the hydrazide might insure 
this decomposition in place of the one expressed in equation 10. 

These considerations made it appear desirable to attempt the rear- 
rangement of a symmetrical molecule, di-triphenyhnethylhydrazine, 
about whose electronic structure there could be no doubt: (C6H6)3 
C.HN+.-NH.C(C6H6)3. A loss of triphenyhnethylamine from either 
side would leave a univalent nitrogen derivative (C6H6)3C.N and rear- 
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rangement should inevitably follow. Whether this argument should ulti- 
mately be found to be altogether right or not, it is a noetworthy fact 
that it led us to the first realization of the rearrangement of a hydra- 
zine derivative along these lines. From the product of the action of 
zinc chloride on the symmetrical hydrazine, aniline was obtained and 
identified (by a positive chloride of lime test; by analysis of its chloro- 
platinate, which gave 32.80% platinum, theory 32.78%). The question 
as to the mechanism of the rearrangement awaits the identification of 
the further products of the reaction, but aniline could be formed only 
by a migration of a phenyl group from carbon to nitrogen, the type of 
rearrangement we desired to produce. This is, we believe, the first re- 
arrangement of a hydrazine along the lines so characteristic for the 
hydroxylamine derivatives, which have been known for forty years. It 
is significant that the way to its accomplishment was pointed by the 
application of Thomson's original theory of electron valences to the sub- 
ject of these rearrangements. 
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